There is much evidence to suggest that the microvasculature in diabetic subjects is hyperpermeable to certain plasma constituents
SYNOPSIS The possible role of fibrin deposition in the development of diabetic glomerulosclerosis has been investigated by light, immunofluorescence, and electron microscopy examination of renal tissue obtained by percutaneous biopsy from seven diabetic patients having minimal clinical evidence of renal involvement and at necropsy on nine diabetic patients. Although the biopsy specimens showed only early to moderate diffuse glomerulosclerosis without either nodular or exudative lesions, approximately 700% of glomeruli examined showed specific fluorescence for fibrinogen in a discontinuous linear pattern along the capillary basement membrane and diffusely in the mesangium. Moreover the immunofluorescence findings correlated well with the distribution patterns of material thought to be fibrin both in the light microscopy studies, by virtue of its staining properties, and by electron microscopy, because of periodicity, texture, and electron density. It is suggested that electron-dense granular deposits seen on electron microscopy may represent intermediate compounds in the fibrinogen to fibrin conversion, and that endothelial and mesangial trapping of fibrinogen or other macromolecules may initiate or accelerate mesangial enlargement, nodule formation, and irregularity of the basement membrane.
There is much evidence to suggest that the microvasculature in diabetic subjects is hyperpermeable to certain plasma constituents (Lendrum, 1963;  Davies, Woolf, and Carstairs, 1966; Berkman and Rifkin, 1966; Fisher, Perez-Stable, Amidi, Sarver, and Danowski, 1967; Larsson. 1967; Balodimos, Chlouverskis, Gleason, Jarrett, Kahn, Keen, and Soeldner, 1971) . Although the nature and onset of the early structural changes in the glomerular capillaries remain controversial, it is possible that altered permeability may precede the lesions seen on light and electron microscopy (Ditzel and Schwartz, 1967; Trap-Jensen, Alport, Garcia del Rio, and Lassen, 1967) . Other investigations suggest that a hypercoagulable state, manifest by increased platelet adhesiveness (Shaw, Pegrum, Wolff, and Ashton, 1967; Abastado, Doumenc, Prost, Bara, Samama, Derot, and Bousser, 1968) , elevated plasma fibrinogen levels (Egeberg, 1963; Valdorf-Hansen, 1967) , and diminished fibrinolytic activity (Fearnley, Chakrabarti, and Avis. 1963; Cash and McGill, 1969; Sharma and Malhotra, 1969 ) may develop in some diabetic patients.
Received for publication 20 April 1972. In the light of these two major aspects, and in view of the increasing importance attached to fibrinogep and related products in human and experimental glomerulopathies (McCluskey, 1969; Clarkson, MacDonald, Petrie, Cash, and Robson, 1971) , the possible role of fibrin deposition in the development of diabetic glomerulosclerosis was investigated by light, immunofluorescence, and electron microscopy examination of renal tissue.
Materials and Methods
Renal tissue was obtained by percutaneous biopsy using a Franklin-modified Vim-Silverman needle from seven diabetic patients having minimal clinical evidence of renal involvement and at necropsy on nine diabetic patients within 24 hours of death (Table I) 
Results

LIGHT MICROSCOPY
The general morphological features observed in glomeruli were in agreement with those recorded in the literature and referred to as diabetic glomerulosclerosis (Ireland, 1971) . All biopsy specimens showed early to moderate diffuse glomerulosclerosis but no nodular or exudative lesions were evident. In the necropsy tissue, cases 9, 15, and 16 showed, in addition to moderate arteriosclerosis and diffuse glomerular lesions, nodular changes and extensive exudative lesions of the 'fibrin cap' and 'capsular drop' type. The remaining cases showed only moderate diffuse glomerulosclerosis with the exception of case 10 which had arteriosclerosis in addition.
In de-Araldited sections, though staining was often faint, differentiation of the lesions and structural relationships in the glomerular capillaries was facilitated. Patchy areas staining as fibrin were (Fig. 4) . Thus the mean basement membrane thickness in individual patients ranged from 2750 A' to 8000 A', whereas in non-diabetic (Ireland, 1970) . In addition to diffuse basement membrane thickening there was superimposed irregular and focal thickening of the membrane, but no subepithelial humps or other deposits of the immune complex type were evident (Fig. 5) Frequently the material identified as fibrin was not associated with other major glomerular changes.
Discussion
The finding in diabetic glomeruli of specific fluorescence for fibrinogen in a discontinuous linear pattern along the capillary basement membrane and diffusely in the mesangium correlated well with the distribution patterns of material thought to be fibrin both in the light microscopy studies, by virtue of its staining properties, and by electron microscopy, because of periodicity, texture, and electron density. Fibrin has rarely been described in diabetic glomeruli unless associated with severe structural changes in the capillaries (Salinas-Madrigal, Pirani, and Pollock, 1970). rhis may have been due to the relative inability of classical staining methods to show on light microscopy either 'young' or 'old' fibrin (Lendrum, Fraser, Slidders, and Henderson, 1962) and also because of the difficulty in interpreting very fine alterations on 2-3,t thick paraffin sections.
For the electron microscopist, fibrin has always been elusive, and only recently has it been acknowledged that banding, with a specific periodicity, is the exception rather than the rule (Prose, Lee, and Balk, 1965; Haust, Wyllie, and More, 1965 of appearances which this substance may assume. As Lendrum et al (1962) have shown on light microscopy using special stains, fibrin may go through a variety of appearances on electron microscopic examination, ranging from the dark, electron-dense nature of fresh fibrin to the lighter grey hyaline of older fibrin. Besides the difficulty of distinguishing fibrin from basement membrane-like hyaline, it is often impossible to distinguish the latter from basement membrane proper (Bencosme and Bergman, 1962) . Stages of transition from a black, granular appearance through paler grey to typical hyaline basement membrane-like branches have been observed (Bloodworth, 1965a) .
While fibrin having a periodicity of 200 to 240 A' has not, to our knowledge, been described in the early stages of diabetic glomerulosclerosis, some investigators have made reference to amorphous, electron-dense granular deposits within the peripheral capillary basement membrane or within the mesangial areas in glomeruli not severely affected by other morphological change (Suzuki, Churg, Grishman, Mautner, and Dachs, 1963; Rosenbaum, Kattine, and Gottsegen, 1963; Dachs, Chuig, and Mautner, 1964) . Similar changes have been described in those few instances where glomerular lesions convincingly similar to human diabetic glomerulosclerosis have been produced in animals (0sterby Hansen, Lundbaek, Olsen, and Orskov, 1967; Bloodworth, 1965b; Gibbs, Wilson, and Gifford, 1966) .
Although fully polymerized fibrin is, except in the later stages, a rarity in human lesions those electrondense granular deposits described above probably represent intermediate compounds in the fibrinogen to fibrin conversion; the fibrinogen-derived macromolecules now identified as fibrinogen degradation products (FDP). Their elusive nature possibly accounts for the rarity with which they have been identified on light and electron microscopy. Immunofluoresence microscopy with antifibrinogen serum is more highly specific, however, and gives a greater frequency of positive identification of FDP (Davies et al, 1966; Burkholder, 1965) .
Until recently the concept of altered vascular permeability with early mural infiltration by mesometric substances, including fibrinogen, has received little support; Lendrum (1963) , however, has consistently implicated fibrin in the pathogenesis of diabetic glomerulosclerosis. Whether deposition of fibrin or FDP in the diabetic glomerulus is of primary or secondary significance remains controversial. On the one hand it could be argued that such deposits are a secondary response to endothelial damage or represent the early stage of the exudative lesion. On the other hand, with more refined techniques for identifying fibrin and related products, our findings suggest that fibrin deposition might be a primary event in the pathogenesis of diabetic glomerulosclerosis. While homogeneous thickening of the capillary basement membrane distinguishes diabetes from other causes of glomerulosclerosis (MacDonald, 1966) , whether the lesion arises in the peripheral capillary loops or in the mesangium is still disputed (Kimmelstiel, Osawa, and Beres, 1966; MacSween, 1971) . Nevertheless, the metabolic defect leading to increased basement membrane thickness may simultaneously alter the membrane permeability; thus, the increased glycolyzation of hydroxylysine units in the peptide chains of basement membrane from the diabetic subject (Beisswenger and Spiro, 1970) may diminish the availability of the amino-acid to participate in cross linkages. This biochemical defect, together with the presence of bulky carbohydrate components on the peptidechains, may increase basement membrane permeability. Although there is little doubt that fibrin aggregates can cause severe glomerular damage (Vassalli, Simon, and Rouilles, 1963; Prote et al, 1965; Beller, Mitchell, and Gorstein, 1967) , it may be that altered basement membrane permeability in diabetes mellitus together with a defect in fibrinolysis causes prolonged deposition of FDP in the glomerulus and ultimately stimulates structural changes whose nature depends on the pattern of distribution and rapidity of deposition of fibrinogen degradation products. One of oui patients showed abnormal urinary FDP values in two of seven consecutive daily urine specimens. The other patients were not examined, however. Similar examination in other diabetic patients over a longer period of time has shown definitely increased urinary levels in some (Clarkson, 1971 
